collected in our group, we followed the data collection strategy described for D. melanogaster (see Supplementary material and methods). For C. elegans this generated 5,444 unique high confidence phosphopeptides that could be assigned to 2,959 gene products, comprising 3,545 assigned unique phosphorylation sites. For S. cerevisiae, using the same strategy and combining the in-house data with a published data set 9 , we identified at high confidence 9,554 phosphopeptides that could be assigned to 2,071 gene products, comprising 5,890 assigned unique phosphorylation sites. The assigned proteins cover nearly one-third of the predicted yeast proteome with no bias in the range of protein abundance ( Supplementary  Fig. 1a online) but with a bias toward proteins involved in signal transduction (Supplementary Fig. 1b) . For human studies, we used previously published data from cancer and HeLa cells [6] [7] [8] to identify at high confidence 3,784 unique phosphopeptides that could be assigned to 5,160 gene products, comprising 2,810 assigned phosphorylation sites. Finally, the contents of the D. melanogaster data set include 16,875 phosphopeptides that could be assigned to 5,347 gene products, comprising 12,756 assigned phosphorylation sites.
The ability to support cross-species comparisons arose from the inclusion of phosphopeptide data from four species and is a new and unique feature of PhosphoPep v2.0. In a first step, the user can view the orthologous phosphoproteins (if known) between the species starting from any protein information page 10 ( Fig. 1) . In a second step, the amino acid sequences of the orthologous proteins are aligned and the phosphorylation sites that are stored in PhosphoPep are highlighted on the alignment. In addition, use of the data contained in the database for further experiments and meta-analysis.
PhosphoPep v2.0 markedly extends the contents and utilities of the database compared with v1.0. First, PhosphoPep now includes phosphoproteome data from four species: yeast (Saccharomyces cerevisiae), worm (Caenorhabditis elegans), fly (D. melanogaster) and human (Homo sapiens) ( Table 1 ). The C. elegans data set is the first large-scale set of phosphorylation sites available for this model organism. Second, we implemented a novel function to analyze the conservation of the identified phosphorylation sites across species (Fig. 1) . Third, for every phosphorylation site, we provide, in downloadable form, a mass spectrometric assay based on multiple reaction monitoring to support further experimentation, including accurate quantification of the respective site in complex samples. Fourth, we implemented a dedicated help page that explains all displayed parameters and a downloadable tutorial for those scientists who intend to use the resource but are not trained in the analysis of mass spectrometry data. Specifically, the tutorial describes how the quality of a phosphopeptide and phosphorylation site identification based on fragment ion spectra can be assessed (Supplementary material and methods online). And fifth, the pre-existing software tools were adapted for use with the data from all four species. Collectively, these refinements greatly expand the available data, support a wider range of queries and make the resource accessible to a wider range of scientists.
The new data added were obtained from focused phosphoproteome mapping experiments carried out in our laboratory and to some extent by contributions from laboratories making their phosphoproteomic data generously available [6] [7] [8] [9] . For the data
To the Editor:
Reversible protein phosphorylation is a universal process that is involved in the control of most biological processes. The comprehensive and quantitative analysis of the protein phosphorylation patterns of cells at different states is therefore of considerable and general interest. Over the past years, mass spectrometry has become the method of choice for the analysis of protein phosphorylation and impressive gains have been realized in the isolation of phosphorylated peptides from complex samples as well as their mass spectrometric and computational analysis. In such studies, hundreds to thousands of phosphopeptides and phosphorylation sites are now routinely identified.
Currently, several databases exist that store and disseminate protein phosphorylation data obtained from large-scale studies; however, several factors limit their utility. First, and most importantly, the current phosphopeptide databases are human and/or rodent centric. Examples include the human proteome reference database (HPRD) 1 , PhosphoElm 2 , Phosida 3 and PhosphoSitePlus (http://www.phosphosite.org/). There are no extensive phosphoproteome data sets for model organisms organized in databases. Second, the lack of phosphorylation data from diverse species precludes comparative studies, such as, those that assess whether specific phosphorylation sites or perturbation-induced phosphopeptide patterns are conserved between species. For example, the analysis of the evolutionary conservation of the human phosphorylation sites of the Phosida 3 database relies on amino acid sequence conservation, but not on observed phosphorylation sites in other species. And finally, none of these databases provides sufficient information to validate, identify and quantify the presented phosphorylation sites by mass spectrometry in independent experiments.
To address these issues and to complement existing protein databases for life science research, we describe the PhosphoPep v2.0 database (http://www.phosphopep.org/), which is an extension of its first version, PhosphoPep v1.0 (ref. 4) . In its initial implementation, the database contained 12,756 assigned phosphorylation sites identified in Drosophila melanogaster Kc167 cells, the tandem mass spectra that led to their assignment 4, 5 and a suite of associated software tools supporting the interactive PhosphoPep-a database of protein phosphorylation sites in model organisms c o r r e s P o n D e n c e
